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Abstract: This paper analyzes the proteomes of 15 different MRSA strains using an in
silico subtraction approach to identify putative drug targets. Various bioinformatics tools
were used to screen for paralogous sequences and homologous proteins against the host
(Homo sapiens) from the bacterial proteome. The remaining proteins were further
analyzed to identify essential proteins using the Database of Essential Genes (DEG). The
results show that 2,235 proteins in MRSA were not homologous with the host proteome,
and 158 of these proteins were identified as the essential proteins for the viability of S.
aureus according to DEG. Moreover, metabolic pathway analysis of essential proteins
with the Kyoto Encyclopedia of Genes and Genomes (KEGG) verified that 49 proteins
participated in 11 unique metabolic pathways in MRSA. The identified proteins are

expected to have great potential in drug design against MRSA.

Keywords: Drug targets, essential proteins, human non-homologous, MRSA, proteome

subtraction.

* Corresponding author.
Email address: lavu68@gmail.com

https://doi.org/10.25073/2588-1140/vnunst.4813
19


mailto:lavu68@gmail.com
https://doi.org/10.25073/2588-1140/vnunst.48

VNU Journal of Science: Natural Sciences and Technology, Vol. 35, No. 1 (2019) 19-37

Journal homepage: https://js.vnu.edu.vi/NST

VNU Journal of Science: Natural Sciences and Technology

Xac dinh muc tiéu thude gia dinh ¢ vi khuan Staphylococcus
aureus khang methicillin bang phuong phap phan tich loai trir
trong hé protein in silico
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Tom tit: Trong nghién ctru nay, cac hé protein cua 15 ching MRSA di duoc phan tich
loai trir theo hudng tiép can in silico dé xac dinh cac myc tiéu thudc gia dinh. Cac cong
cu tin sinh hoc khac nhau di dugc sir dung dé sang loc cac chudi protein paralog va cac
chudi tuong dong véi vat chu (Homo sapiens) tir hé protein cta vi khuan. Cac protein con
lai tiép tuc dugc phén tich dé xac dinh cac protein thiét yéu bang cach st dung co so di
lisu Database of Essential Genes (DEG). Két qua cho thiy co 2235 protein & MRSA
khong tuong ddng véi hé protein vat cha, va trong dé 158 protein dugc xac dinh 14 can
thiét cho su ton tai ctia S. aureus theo co so dit liéu DEG. Ngoai ra, phan tich trao doi
chat cta cac protein thiét yéu voi co s¢ dir liéu Kyoto Encyclopedia of Genes and
Genomes (KEGG)da phan loai duoc 49 protein thiét yéu tham gia vao 11 con dudng trao
doi chét dic trung @ MRSA. CAc protein dugc xac dinh du kién sé& co tiém nang 16n trong
g dung 1am myc tiéu thuéc & MRSA.

Tir khéa: MRSA, muc tiéu thudc, phéan tich loai trir trong hé protein, protein khong tuong
dong, protein thiét yeu.

1. Giéi thiéu

Staphylococcus aureus (S. aureus) la mot
trong nhitng tdc nhan gy bénh pho bién nhat
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trong moi truong bénh vién va cong dong, véi
nhiéu biéu hién 14m sang khac nhau, tir nhiém
khuin bé mat dén cac bién chung de doa tinh
mang. Cac vi tri phd bién nhét bi anh huong la
da vd mé mém; biéu hién cia nhiém khuin &
cac vi tri nay bao gdbm viém nang 1ong, mun
nhot, bénh chéc 16, nhiém khuén vét thuong va
héi chung da do tu cAu. Céac nhiém khuin
nghiém trong hon bao gdbm nhiém khuan huyét,
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viém phéi, viém ndi tdm mac, nhiém khuin
xuong khop va hoi ching séc doc td. S. aureus
cling 1a nguyén nhan gy ra ngd doc thuc pham
[1]. Viéc diéu tri nhiém khuan do S. aureus bao
g6m st dung cic khang sinh nhém B-lactam, tir
Benzylpenicillin thé hé thir nhat dén cac
Penicillin hién dai (Methicillin, Oxacillin). Tuy
nhién, sau khi Methicillin dugc ing dung trong
lam sang, cac chung S. aureus khang
Methicillin (MRSA) da duge phan lap [2].
Ngoai ra, viéc st dung khong kiém soat nhiéu
loai khang sinh trong nhitng ndm qua da goép
phﬁn vao sy xuét hién cta cac chiung MRSA da
khang thubc. Cac ching nay 1a két qua cua
nhitng dt bién gen ma hoa cho cac protein dich
va thong qua viée tiép nhan va tich liiy cac gen
khang khang sinh [3]. Cac bao céo gan day vé
chung S. aureus co tinh khang trung gian hoac
hoan toan dbi v&i khang sinh glycopeptide
Vancomycin da bao hiéu thoi ky hoa tri liéu
trong d6 khang sinh diét khuan chéng lai vi
khuan nay c6 thé khong con hitu hiéu [2]. Do
d6, viéc tim kiém cac hop chét chéng tu cau
moi 12 mot van dé& cap bach. Mot hudng tiép
can dé han ché van dé khang thudc 13 tim kiém
cac myc tiéu tac dong mdi, trong khi hudng
khac 1a phat trién cac tic nhan c6 thé lam giam
su dé khang cua vi khuan voi cac khang sinh
hién cé [3].

Kham pha cac tng vién thudc méi khong
phai 1& mdt nhiém vu don gian va do6 l1a qua
trinh doi hoi thoi gian va chi phi ton kém. Van
dé nay dit ra thach thire cho cac nha nghién ciru
1a cin dua ra cic phuong phéap thay thé nhanh
chong va tiét kiém hon dé co thé dé& xuit cac
img vién thudc mai. Mot phuong phap hiru ich
dé kham pha cac g vién thudc nay 13 xac dinh
cac muyc tiéu thudc duy nhit & tac nhan giy
bénh, dic biét 1a ddi véi nhing myc tiéu quan
trong. Thong tin vé tinh thiét yéu cia gen va
cac san phém cua nod duoc coi la cac muc ti€u
tiém nang cho viéc phat trién cac loai thuéc méi
[4]. Nhiitng tién b gan day trong linh vuc sinh
hoc tinh toan va tin sinh hoc da tao ra su khac
bi¢t trong phén tich in silico va phuong phap
thiét ké thudc, giup giam thoi gian va chi phi
lién quan dén thu nghiém va han ché thu
nghiém sai léch trong qua trinh phat trién thude

[5]. Nhitng phuong phap ndy nhim sang loc cac
muc tiéu thudc tiém ning, sau d6 sir dung
chlng dé thir nghiém trong phong thi nghiém.
Bén canh d6, cac nghién ctru in silico docking
gilta cac muyc tiéu thude duoc xac dinh va cac
loai thudc hién c6 voi su thay ddi nho trong ciu
trac c6 thé dan dén viéc phat hién ra cac loai
thudc méi co hiéu qua diéu tri. Két qua 1a, mot
loat cac muc ti€u thude va céac hop chit khoi
nguén c6 thé duoc xac dinh trudc khi thir
nghiém trong phong thi nghi€ém. Phan tich loai
trr trong h¢ protein la mot trong nhirng cach
tiép can in silico duoc sir dung dé xac dinh muc
tiéu thudc dua trén viéc xac dinh cac protein
thiét yéu va khong tuong dong véi vat cha &
sinh vat gdy bénh [5]. Hon nita, cic protein
tuong dong v6i vat cha duge sang loc con co
thé giup tranh cac phan tng c6 hai cta thudc
trong cac giai doan phat trién thude tiép theo.
Bing cach lya chon cac protein thlet yéu dac
trung can cho su ton tai va phat trién cia mam
bénh, phuong phap loai trir protein cho phép
xé4c dinh cac muc tiéu thudc tiém nang & mam
bénh [5]. Cac tién bd gan ddy trong linh vuc
genomics, transcriptomics va methabolomics da
cho phép du doan céu trac, chirc ning cua cac
muc tiéu thudc voi do chinh xéac cao. Két hop
thanh tyu ctia cic nganh khoa hoc trén, phan
tich loai trir protein Ia hudng tiép cdn mai trong
xac dinh cac muc tiéu thudc, bang cach sir dung
cac cong cu tin hoc va co s¢ dir liéu (CSDL)
sinh hoc, va di gop phan ting tdc qua trinh
kham pha thudc hién dai [4].

Trong nghién ctiru nay, phuong phap phan
tich loai trir protein da duoc ap dung dé xac
dinh cac protein thiét yéu can cho sy ton tai cia
MRSA va khong twong ddng v&i hé protein vat
chu (Homo sapiens). Nhiing protein nay c6 thé
dugc sir dung nhu 1a muc tiéu thude tiém ning
cho cac giai doan phat trién thudc trong tuong
lai. B3 c6 nhidu nghién ctru cho thay kha ning
ap dung cac muc ti€u du dodn thanh cong khi
st dung phuong phap nay [4]. Ngoai ra, viéc
tim kiém cac tmg vién thuéc méi chdng lai cac
muyc tiéu diéu tri nhu trén con gitp giam thiéu
kha ning mam bénh chdng lai cac phuorng phap
didu tri hién c6 va do do, c6 thé lam giam tac
dung phu dbi véi vat chi. Miac du chién luge
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tuong tu véi MRSA da dugc bao cdo trong mot
sd nghién ciru [4, 6-7] nhung & day ching toi 4p
dung quy trinh phan tich trén 15 chung MRSA
cung ldc. Viéc phén tich nhu vdy cho phép xac
dinh cac protein tiém ning de c6 thé sir dung
1am muc tiéu cho su phat trién cta cac tac nhan
tri liéu trén mot loat cac ching MRSA.

2. Phwong tién va phwong phap
2.1. Phuong tién

Tat ca cac CSDL, cong cu va chuong trinh
sir dung trong nghién ciru nay déu co sin trén
Internet va duoc truy cp/tai vé theo nhu mé ta
trong muc phuong phap.

2.2. Phuong phéap nghién ciu
Truy xudt hé protein ciia MRSA

Cac trinh ty protein hoan chinh (hé protein)
ctia MRSA duoc trich xuit tir CSDL Universal
Protein Resource (https://www.uniprot.org) va
duoc luu dudi dinh dang FASTA [8].Céac budc
phan tich trong nghién ctu hién tai dugc thé
hién nhu trong Hinh 1.

Trich xuét cac hé protein
MRSA

Loai b céc protein paralog

Sang loc céc protein khong twong
dong voi hé protein nguoi

Xac dinh cac protein thiét yéu

[ Xac dinh sy tham gia cta cac |
protein thi€t yéu vao cac con
duong chuyén hoa dic trung

Muc ti€u thudc tiém nang

Hinh 1. So d6 x4c dinh cac muc tiéu thudc
tiém niang & MRSA.

Logi bo cac protein paralog

Céac hé protein MRSA da tai xudng dugc
phén tich bi USEARCH

(https://www.drive5.com/usearch) béng
cach st dung cac dong lénh tudn tu [9]. Pau
tién, 1énh -cluster fast dugc st dung dé
tim/phdn cum cac protein paralog VoI
“sequence identity cut off value” & mirc 0,6 (tirc
60% muc do gidng nhau). Protein c6 hon 60%
mirc d¢ gidng nhau duoc xem 14 protein paralog
[10] va duogc loai bo. Sau do, cac nhom protein
con lai dugc sang loc thém dé xac dinh cac
chudi trung lip (con dugc goi 1a qua trinh
dereplication) str dung 1énh -fastx_uniques. Cac
ban sao dugc loai bo va 1énh -sortbylength dugc
sir dung dé sang loc cac protein c6 hon 100 acid
amin. Protein c6 it hon 100 acid amin trong
chudi trinh tu hau nhu khong thé dai dién cho
céc protein thiét yéu [10].

Xéc dinh cdc protein khéng twong dong

Céc protein thu dugc sau khi phan tich véi
USEARCH dugc so sanh voi hé protein H.
sapiens st dung chuong trinh BLASTp
(https://blast.ncbi.nlm.nih.gov) véi gia tri
ngudng ky vong (E-value) 10 Refseq dugc
chon lam CSDL dé tim ra cac protein MRSA
khong tuong dong véi protein cuia ngudi. Cac
trinh ty cho thdy sy twong dong dang ké véi
protein ngudi duge loai b va cac chudi khong
tuong dong dugc giir lai cho nhitng phan tich
tiép theo [10].

X&c dinh cdc protein thiét yéu & MRSA

Cac protein khong twong dong véi protein
ctia H. sapiens dugc tiép tuc phan tich sir dung
BLASTp dua vao CSDL Database of Essential
Genes (DEG) (http://www.essentialgene.org),
trong d6 cac protein khong thé thiéu cho sy ton
tai cda S. aureus dugc chon lam CSDL tham
chiéu. Cac gid tri truy van “E value cut off score
less than 10%” va “minimum bit score cut-off
of 100” dugc st dung dé thu duge mot tap hop
céc protein thiét yéu. Do d6, cac chudi protein
thu dugc khong tuong ddng v6i hé protein cia
H. sapiens va khong thé thiéu cho cac hoat
dong ctia mam bénh [5].
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Phan tich cac con du’ong trao doi chdt va xdc
dinh muc tiéu thuéc tiém ndng

CSDL KEGG (Kyoto Encyclopedia of
Genes and Genomes)

(https://www.genome.jp/kegg) duge  su
dung dé so sanh cac con duong trao doi chat
gitta MRSA va H. sapiens, trong d6 cac con
duong chi c6 & MRSA duoc loc ra. Sau d6, cac
protein thiét yéu cia MRSA xéac dinh & cac
bude trén duoc dua vao phan tich trao dbi chat
bang cach st dung CSDL KAAS (KEGG
Automatic Annotation Server) dé xac dinh céc
protein thiét yéu tham gia vao nhitng con duong
chuyén héa déc trung cho MRSA. Dé lua chon
céc protein trao ddi chat tir cac protein truy van
duge cung cap, KAAS st dung phan tich
BLASTp dbi v6i hé protein cua cac sinh vét
nhan so [10]. Két qua thu dugc co chira cac ma
gan KO (KEGG Orthology) va cac duong dan
KEGG duoc tao ty dong [5].

3. Két qua va thao luin

Nghién ctru nay duoc thuc hién nham xéc
dinh céc muyc tiéu thudc tiém nang & MRSA
bang cach st dung phuong phap ti€p can loai
trir trong hé protein gitp phan loai va xac dinh
cac protein myc ti€u theo céc tiéu chi da lya
chon. Bang 1 md ta so luong cac protein dau ra
duoc sang loc & moi budc.
H¢ protein ciia MRSA

Hé protein hoan chinh (tong cong 40304
protein) cua MRSA dugc tai vé€ twr CSDL
UniProt bao gom cac chung va phan loai khac
nhau (Bang 2).
Céc protein non-paralog

Dé loai bo cac protein paralog, cic thuat
toan USEARCH [9] da dugc st dung va két qua
cho thiy mdt tap hop tong s0 3815 cum protein
duy nhat. Moi dai dién cua cac cum duge danh
dau va trr phan con lai, 972 protein voi d¢ dai
chuoi nhé hon 100 acid amin dd duoc loai bé.
2843 protein non-paralog con lai sau d6 dugc
phén tich BLASTp d6i vdi hé protein cua nguoi
(H. sapiens).
Céc protein khéng twong dong voi hé protein nguoi

Tir két qua NCBI BLASTp tong cong 630
protein tuong dong véi hé protein nguoi dugce

tim thay voi gié tri ngudng ky vong E-value la
107*. Cac protein tuong dong gilta nguoi va vi
khuan dién tién trong qua trinh tién hoa va tham
gia vao nhiéu hé thong sinh hoc phd bién giira
vat chi va tac nhan giy bénh [10]. Céc protein
trong dong véi hé protein nguoi duoc loai trir
khoi cac phan tich tiép theo vi chung co thé cho
thdy phan mg bt loi ddi véi té bao ngudi néu
duoc chon 1am muc tiéu thude chéng lai MRSA.
Cic protein thiét yéu & MRSA

Protein thiét yéu 1a nhing protein téi thiéu
can thiét cho su ton tai cia mam bénh trong
diéu kién thuan loi va dong vai trd quan trong
trong cac qua trinh té bao cia ching. Vi vay,
chung thudng 13 muc tiéu phu hop va diy hta
hen cho viéc thiét ké thude [10]. Bang phén tich
NCBI BLASTp, 2213 protein c6 & MRSA da
dugc tim thay khong tuong dong véi hé protein
nguoi. Cac protein nay sau do dugc phén tich
v6i CSDL DEG. Qua trinh sang loc thong qua
DEG véi cac gia tri truy van da chon cho thiy
¢6 158 protein khong tuong dong voi hé protein
nguoi 1a cac protein thiét yéu (Hinh 2; Phu luc 1).

Bang 1. Két qua phan tich hé protein

ctia vi khuan MRSA
S6 luong
Céc budc phan tich protein
tim dugc
Protein ttr CSDL UniProt 40304
Protein paralog (>60% mirc d9
gidng nhau) tim thiy boi 26171
USEARCH
Protein non-paralog 14133
Protein non-paralog/khong lap lai 3815
tim thay boi USEARCH
Protein non-paralog/khong lap lai
c6 do dai chudi 16n hon 100 2843
amino acid
Protein khong twong ddng véi cac 2913

protein nguoi (E-value 107
Protein khong tuong dong/Protein
thiét yéu tim thiy trén DEG (E- 158
value 1019

Cac con duong chuyén héa dic

trung duoc tim thay trén may cha 27
KAAS

Protein thiét yéu trong cac con

dudng chuyén hoa dic trung tim 49
dugc trén may chu KEGG
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Bang 2. Cac chung MRSA duoc st dung trong nghién ciru va sé lugng protein twong tng

Proteome ID  Tén chung ID S6 luong
Chiing protein
UP000024517 Staphylococcus aureus MRSA-136 1413497 2688
UP000000596 Staphylococcus aureus (strain MRSA252) 282458 2635
UP000051781 Staphylococcus aureus MRSA_CVMN25720PS 1387326 2546
UP000003093 Staphylococcus aureus subsp. aureus DR10 1155079 2684
UP000031632 Staphylococcus aureus subsp. aureus ST772-MRSA-V (Strain: 1343064 2630
DAR4145)
UP000025090 Staphylococcus aureus MRSA-118 1413495 2661
UP000003572  Staphylococcus aureus subsp. aureus MRSA177 754026 2773
UP000005003  Staphylococcus aureus subsp. aureus 71193 1155084 2620
UP000008696  Staphylococcus aureus (strain MRSA ST398 / isolate S0385) 523796 2648
UP000003548  Staphylococcus aureus subsp. aureus MRSA131 754025 2770
UP000050970 Staphylococcus aureus MRSA_CVMN27231PS 1387328 2743
UP000050900 Staphylococcus aureus MRSA_CVMN26035PS 1387327 2719
UP000054253  Staphylococcus aureus subsp. aureus MRSA _S4 1337995 2886
UP000186671 Staphylococcus aureus (strain MRSA ST398 / isolate S0385) 523796 2650
(Strain: 55488)
UP000031939 Staphylococcus aureus MRSA CVM43477 1448137 2651

= Chuyén héa carbohydrate
® Ho protein: xir 1y théng tin di truyén
¥ Dich md
= Chua xdc dinh
¥ Van chuyén quamang
# Chuyén hoanucleotide
m Sao chép va sirachira
® Sinh téng hop va chuyénhéa glycan
¥ Chuyén héa cac cofactor va vitamin
= Chuyén héa céc acid amin khic
o Truyén tin hidu
® Chuyén héa acid amin
= Djc diém mé ta thip
# Phit trién té bao va chét

Chuyén héaning lrong
= Gap cuén, phinloai va thodi héa
# Chuyén hoalipid

Ho protein: truyén tin hiéu va qua trinh té bao
= Chua dwge phinloai: xir Iy thongtin di truyén
® Chua duge phanloai: chuyénhéa
¥ Ho protein: chuyénhéa
= Chuyén mét nhom catbon

Hinh 2. Céc protein thiét yéu va sy tham gia vao cac qua trinh té bao ciia chung.
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Cic con dwong chuyén héa dic trung ciia MRSA

Phén tich con dudng chuyén héa co6 mot y
nghia quan trong trong xac dinh muyc tiéu thude
tiém L nang vi nd co thé 1a chu trinh can thiét cho
su tOn tai va kha niang gdy bénh cua vi khuin
[10]. Sau khi so sanh cac con duong chuyén
hoa gitta MRSA va H. sapiens tai may chu
KEGG, 27 con duong chuyén hoa dic trung cua
MRSA déa dugc xac dinh (Phu lyc 2). Trong
tong s6 158 protein thiét yéu duoc kiém tra tai
may chi KEGG, két quéa cho thiy c6 49 protein
tham gia vao 11 con duong chuyén hoa dic
trung & MRSA  bao gém sinh téng hop
peptidoglycan, sinh téng hop cac chat chuyén
hoa thtr cép, hé théng phosphotransferase, sinh
tong hop khang sinh, quorum sensing, hé thong
hai thanh phan, d¢ khang Vancomycin, hé
thong tiét ctia vi khuan, chuyén hoa cua vi
khudn trong méi truong da dang, chuyén hoa
methane va sinh tong hop D-alanine (Hinh 3;
Phu luc 3). Vai trd cua mét sb6 con duong dic
trung va cac protein tham gia vao cac con
duong nay duoc thao luan chi tiét trong phan
tiép theo.

Hinh 3. Sb lwong cac muc tiéu thude tiém ning va
céc con duong chuyén hoa dic trung tuong tmg
(mdt vai protein c6 thé tham gia vao nhiéu hon mot
con duong).

Sinh tong hop peptidoglycan

Peptidoglycan 1a thanh phan chinh ciu tao
nén thanh té bao cua hau hét cac vi khuén [12].
No ¢ vai trd ciu tric va hoat dong nhu mot
mang chon lgc cac phan tir tr mdi trudong bén
ngoai. Do d6, tong hop peptidoglycan 1a mot
trong nhitng con duong sinh hoc quan trong

nhét ¢ vi khudn va da dwoc nghién ciru nhiéu
trong nhiing nam qua [12-14]. Con duong tong
hop bat dau trong té bao chat, tlep tuc ¢ mang
té bao chét va két thiic tai chu chat, noi cac tién
chét dugc polyme hoa thanh 16p peptidoglycan.
Mot s protein lién quan dén con duong nay, vi
du nhu cic enzym Mur va cic protein gin
penicillin (PBPs) da dugc nghién ctru va dugc
xem la cac myc tiéu hop 1y cho viéc thiét ké cac
hop chat khang khuan [13, 14]. Vi vay, nghién
clru cac dic diém sinh hoc cia peptidoglycan co
thé 1a mot phan giai phap ddi voi van dé vi
khuan khang khang sinh, ciing nhu céi thién su
hiéu biét vé sinh 1y vi khuén [13]. T két qua
KAAS, 13 enzym tham gia sinh tong hop
peptidoglycan da duoc xac dinh, trong do
murA, murC, murD, murE, murF, murG, femA,
femB, femX, ddl, bacA va mraY khong c6 su
tuong dong voi hé protein nguoi va dong thoi
rat can thiét cho su ton tai cia MRSA. Viée trc
ché cac protein nay do d6 co thé dugc coi la
mét chién luge tot dé chéng lai MRSA.
Chuyén héa D-alanine

D-Ala-D-Ala 1a dipeptide diém cudi ciia
tién  chat peptidoglycan, ~ UDP-MurNAc-
pentapetide va la thanh phan cbt yéu trong lién
két ngang cua peptidoglycan. N6 duge tong hop
trong té bao chat ciia vi khuan boi enzyme D-
alanine: D-alanine ligase (Ddl) [15]. Enzyme
Ddl xtc tac sy tong hop cac dipeptide D-Ala-D-
Ala va D-Ala-D-Ser hoac D-Ala-D-Lac
depsipeptide ¢ budc dau clia qua trinh tong hop
peptidoglycan. Chirc néng cia enzyme nay can
thiét cho sy phat trién cuia vi khuan va mang
tinh ddc hiéu, khién chung tro thanh muc tiéu
hop 1y cho su phat trién ctia cac khang sinh méi
[16]. Do d6, viéc phat trién cac hop chit tc ché
D-alanine-D-alanine ligase va cac enzym lién
quan s& dem lai tiém ning trong viéc wc ché sy
phat trién khong chi cia MRSA ma con ctia céc
vi khuin gay bénh c6 thanh té bao.

Hé thong phosphotransferase

H¢ théng phosphotransferase (PTS) cua vi
khuén thyc hién ca chirc nang xdc tac va diéu
hoa. N6 xuc tac su vén chuyen va phosphoryl
hoéa ctia nhiéu loai duong va dan xuat, dong thoi
cling thyc hién nhiéu chire nang diéu hoa lién
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quan den chuyén hoa carbon, nito, phosphate va
yéu t6 doc luc cia mot sd vi khuan gy bénh
[17]. Cac co ché diéu hoa qua trung gian PTS
dwa trén sy phosphoryl hoa truc tiép cuia protein
muc tiéu hoac cac tuong tdc phu thudc vao su
phosphoryl hoéa dan dén su kich hoat hodc trc
ché chic ning cua cac protein muc tiéu [18].
Nhirng dic tinh nay giai thich tai sao PTS kiém
so4t rat nhiéu chirc ning té bao va phat trién rat
nhiéu co ché diéu hoa khac nhau, mdi co ché cé
thé t6i uu dé thich nghi voi nhu ciu cua ting
loai vi khuan [17]. Do d6, PTS da tr¢ thanh mot
ngudn ddy tiém niang cho viéc tim kiém cac
muc tiéu thudc. Nghién ciru ciia ching t6i cho
thdy rang c6 9 enzyme tham gia vao hé thdng
PTS c6 thé duoc st dung nhu nhiing muc tiéu
thubc méi & MRSA 1a glucose-specific 1IC
component, fructose-specific 1B component,

enzyme |, alpha-glucoside-specific  IIC
component,  maltose/glucose-specific  1IC
component, N-acetylglucosamine-specific 11C
component, beta-glucoside-specific A

component, sugar-specific 1lA component,
mannitol-specific 1A component.

Chuyén héa ciia vi khudn trong méi truong da
dang

Vi khuan thuong giap phai vo s cac didu
kién bét loi (stress) anh huong dén kha ning
phat trién ca trong diéu kién ty nhién va trong
co thé vat chu. Nhiitng stress ndy bao gém su
han ché dinh dudng, stress oxy hoa, tén thuong
thanh té bao, phoi nhiém khang sinh va cac
stress gdy anh hudng tang truong khac [19-21].
Té bao phan tmg v6i cac stress ndy bang cach
kich thich cac dap tng bao vé va/hodc thich
nghi nhim muc dich gia ting kha ning ton tai
ctia vi khuan. Céc dap tmg nay thuong dan dén
nhiing thay d6i ddi véi sinh 1y té bao, thiic diy
san xuét mang sinh hoc, kich hoat co ché khang
thudc va cam Gng dot bién khang thude [20,
22]. Do dé, viéc xéac dinh cac protein kiém soat
va mang lu6i diéu tiét 1a didu can thiét dé kiém
soat hodc thay doi hanh vi vi khuan [22]. Dic
biét, viéc xac dinh cac protein lién quan dén
stress quan trong s& cho thiy cac muc tiéu cho
mot thao tac cu thé dé thic déy hodc han ché su
phat trién dé khang khang sinh. Trong nghién
clru nay, tong cong chin protein (narG, ureA,

ureB, ureC, gpi, hemL, ackA, pta va fbaA)
trong sd 158 protein thiét yéu & MRSA da duoc
xac dinh tham gia vao cic qua trinh sinh tong
hop khac nhau trong viéc chdng lai nhimg diéu
kién bat loi ctia moi truong. Do do, cac protein
nay réat can thiét cho sy ton tai cia MRSA dong
thoi cling thé hién sy khong twong dong v6i hé
protein nguoi. Viéc thiét ké thudc dua trén cac
protein muc ti€u nay cé thé duoc coi 13 mot
chién luoc tiém ning dé diéu tri tac dong gay ra
bdi MRSA.

Hé thong hai thanh phan

Hé théng hai thanh phan (TCS) bao gém
cac cam bién histidine kinase va cac protein
diéu hoa dap tmg duoc xem 1 nhitng yéu té
quan trong nhat trong viéc truyén tin hiéu & vi
khudn [23]. Do tdm quan trong cua chung dbi
véi su ton tai, doc luc va su phat trién cua té
bao vi khuan, cac hé théng nay nam trong sb
nhimg protein duoc nghién ctru nhiéu nhat.
Trong nhitng niam gan day, mot loat cic nghién
ctru vé tin sinh hoc, di truyén va sinh hoéa da
cung cép nhitng hiéu biét chi tiét vé nhiéu co
ché phén tr cia viéc phat hién tin hi€u va tao ra
dap tng thich hop bang hé thdng hai thanh phan
[23-25]. ]- Quan trong hon, da c nhiéu nghién
ctru chi ra rang c6 sy da dang déng ké trong cac
co ché duoc sir dung boi timg loai vi khudn. Vi
nhiéu 1y do, TCS da tr& thanh muc tiéu thuyét
phuc cho viéc thiét ké cac hop chat khang
khuén [25]. Trong nghién ctru nay, chung t6i di
tim thdy c6 4 protein thudc hé théng hai thanh
phin & MRSA bao gdém K*-transporting
ATPase A chain, chromosomal replication
initiator protein, vancomycin resistance sensor
histidine kinase VraS va sensor histidine kinase.
Céc protein nay do d6 la nhiing muc tiéu dang
chu ¥ trong viéc ngin chin sy phat trién va gay
bénh cia MRSA.

Quorum sensing

Quorum sensing (QS) la qua trinh giao tiép
té bao — té bao, cho phép vi khuin chia sé thong
tin vé mat do t& bao va diéu chinh biéu hién gen
cho phu hgp [26]. Qué trinh nay cho phép vi
khuan str dung ning lugng horp ly khi tac dong
cua cac qua trinh d6 1én mdi truong hodc trén
vat chu s& dugc toi da hoa. Mot trong s6 nhiéu
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dic diém duoc kiém soat bai QS 1a su biéu hién
clia cac yéu to doc luc & vi khuan giy bénh
[27]. O cac loai staphylococci, su diéu hoa nay
rat quan trong dbi véi thoi gian biéu hién yéu t6
ddc luc trong qua trinh nhlem khuan va su phat
trién cua tinh trang bénh cip tinh, trong khi
hoat dong thip cia QS ¢o lién quan dén nhiém
khudn man tinh, ching han nhu sy hinh thanh
mang sinh hoc. Theo d6, cac thude wc ché QS
dang dugc danh gia kha niang kiém soat cic
truong hop nhiém khuan S. aureus cép tinh
[28]. Duwa trén két qua phan tich KAAS, ba
protein c6 thé 1a nhimg muc tiéu tiém ning cho
c4c nghién ciru te ché hé thdng QS ¢ S. aureus
cling nhu MRSA da dugc xac dinh. C4c protein
nay bao gdm preprotein translocase subunit
SecA, preprotein translocase subunit SecY,
anthranilate synthase component II.

Sinh tong hop cdc chat chuyén héa thir cap

Cac twong tac vi khuan - vi khuin hoic
tuong tac vi khuan — vat chu 13 yéu t quan
trong dé vi khudn c6 thé phat trién trong nhirng
diéu kién méi trudong khac nhau. Nhitng tuong
tac nay lién quan dén nhiéu khia canh sinh hoc,
bao gom cac thay ddi vé mat hoa ly, trao déi
chét, sinh téng hop chuyen hoa chat thir cap,
truyén tin hiéu va trao ddi thong tin di truyén
[29]. Do do, cac tuong tic nay la két qua cua
qua trinh ddng tién hoa dan dén su thich tng va
chuyén hoa, cho phép su phat trién & nhing
diéu kién khac nhau bang cach giam stress sinh
hoc va phi sinh hoc hodc trao ddi céc yéu tb
tang truong va tin hiéu. Nhiéu co ché cé thé
tham gia vao cac twong tic ndy, ching han nhu
tang san xudt cac chat chuyén hoa thir cap, hé
thdng quorum sensing va sy hinh thanh mang
sinh hoc. Pon vi twong tac cudi cung 1a biéu
hién gen chiu trach nhiém cho viéc san xuat cac
phén tir lién quan ciia mdi sinh vat dé dap ung
v6i mot kich thich méi truong [30]. Do d6, kién
thirc vé cac co ché lién quan dén qué trinh sinh
tong hop cac chét chuyén hoa thir cip c6 thé 1a
chia khoa dé phét trién cac tic nhan cu thé co
thé tranh hodc lam gian doan sy truyén nhidm
trong qua trinh nhiém khuan va do do6 lam giam
hiéu qua phong thi hodc tdn cong ctia mam
bénh. Ngoai ra, viéc nghién ctru cac co ché nay
c¢6 thé gop phan vao sy hiéu biét vé sinh bénh

hoc cua vi khuan va su phat trién cta cac loai
thudc khang khuan méi. RS rang 1a cac hop
chat thtr cap dong vai tro dang ké trong su de
khang cua nhiéu truong hop nhiém khuéin [31].
Do d6, tac dong den cac muc tiéu nay c6 thé bd
sung cho sy phat trién ctia cac liéu phap diéu tri
moi. Dya trén két qua phan tich KEGG, ching
t61 da tim thdy & MRSA c6 9 protein tham gia
vao cac qua trinh sinh tong hop hop chat
chuyén hoéa thir cAp dic trung cho MRSA, trong
d6 bao gdm glucose-6-phosphate isomerase,
glutamate-1-semialdehyde  2,1-aminomutase,
tryptophan synthase beta chain, glycerol-3-

phosphate acyltransferase, mannose-6-
phosphate isomerase, fructose-bisphosphate
aldolase, class Il, 5-amino-6-(5-phospho-D-

ribitylamino) uracil phosphatase, glycerol-3-
phosphate acyltransferase, anthranilate synthase
component II. Viéc stt dung cac protein nay lam
muc tiéu thiét ké thudc co thé s& dan dén su
phat trién cac hop chét e ché su phat trién vi
khuan, khong chi & MRSA ma con co thé &
nhiéu vi khuan khéc.

Hé thong tiét cuia vi khudn

Qua trinh tiét 12 mot nhiém vu quan trong
ctia té bao sinh vat nhan so dé twong tac tot hon
voi moi trudng xung quanh hoac vat chu cua
chung. Pac biét, viéc san Xudt cac proteln ngoai
bao dac biét quan trong dbi voi su ton tai va
thich ng ctia vi khuan [32]. Hé thong tiét ¢ vi
khuén c6 céu trac da thanh phan bao gdm nhiéu
nhom protein va nhimg chaperon diéu hudng di
kém. Vi vai tro ciia hé thong nay dbi v6i nhom
vi khudn gy bénh trong viéc van chuyén mot
loat cic yéu to gdy bénh ra ngoai mang té bao té
bao vi khuin va thiét 1ap kha ning trao ddi
thong tin véi moi truong, viéc hiéu dugc cac
thanh phan va chic ning cua hé théng van
chuyén protein nay s& dan dén giai phap phu
hop dé ngin chin kha ning giy bénh cua
chung. Hon nita, cac hé thong nay c6 thé duoc
st dung cho muc dich canh tranh sinh hoc [33].
Két qua tir phan tich KEGG cho thiy hai
protein tham gia vao cac hé thong tiét vi khuan
- secY va secA (cling tham gia vao quorum
sensing) - co thé dugc st dung nhu cic muc
tiéu thudc tiém ning chong lai MRSA.
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Vancomycin resistance

Vancomycin la khang sinh glycopeptide
dugce st dung dé diéu trj nhiém khuin Gram
duong, dac biét trong cac truong hop nhiém
khuan do MRSA [34]. Thong thudng, nd duge
sir dung nhu khang sinh diéu tri hang cu01 tuy
nhién, dd c6 nhimg bio céo 1am sang vé viéc
phan 18p cac chung MRSA gidm tinh nhay cam
vai Vancomycin (S. aureus khang Vancomycin
trung gian [VISA]) va gan day hon 1a mét s6
chung S. aureus khang Vancomycin hoan toan
(VRSA) [35]. Mot s6 ching VRSA mang gen
khang Vancomycin tir Enterococcus faecalis
khang Vancomycin di dugc biét lam thay doi
céu trac thanh t& bao va mot sd qua trinh trao
ddi chét, nhung co ché dé& khang trong cac
truong hop VISA phan lap dugc conchua dugc
nghién ciru nhiéu [36]. Trong nghién ctru nay,
chung t6i di tim thiy bén protein thiét yéu cua
S. aureus (ddl, murF, murG va mraY) co thé
tham gia vao sy dé khang Vancomycin. Mic du
day chi 1a nghién cutru in silico, tuy nhién nhitng
protein nay van c6 thé sir dung lam muyc tiéu
tham khao trong nhiing nghién ciru vé co ché dé
khang Vancomycin ¢ S. aureus trong tuong lai.

4. Két luan

Tom lai, bang phuong phép phan tich loai
trir trong hé protein st dung cac cong cu tin hoc
tinh toan két hop véi cac co sd dit li¢u sinh hoc
da dan dén viéc xac dinh va md ta mot sb
protein thiét yéu khong twong déng voi cac
protein vat chu. Vi vdy, nhiing protein ndy can
cho su ton tai cia mam bénh va do do cé thé
dugc tmg dung 1am muc tiéu cho qua trinh thiét
ké thudc dua trén muc tiéu. Bén canh d6, cac
con duong trao d6i chat dic trung thu duoc
trong nghién ctru nay ciing c6 thé dugc st dung
lam thu vién cho viéc kham pha cac muc tiéu
thudc mai trong tuong lai.
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Nghién ciru dugc tai trg bdi Truong DPai
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Phu luc 1
Céc protein thiét yéu & MRSA
(Xdac dinh tur phan tich voi CSDL DEG)

tsh?r Mai 50 Uniprotic8/ S:)C’tei” M s§ DEG tsh(ir IL\J/Ir? isfotKB/ S:)Otem Mi s6 DEG

1 UPI0001AB17B9 1 DEG10020135; | 80 UPI00000D9E46 1 DEG10020207;
2 UP10001C1200D 1 DEG10020284; | 81 UPIO001AB1796 | 1 DEG10020118;
3 UP100003B153D 1 DEG10020219; | 82 UPI0000009B95 | 1 DEG10020207;
4 UPI0001C11CF9 1 DEG10020066; | 83 UPI00003B1774 | 1 DEG10020207;
5 UPIO001AE9BSD | 1 DEG10020201; | 84 UPI000005480C | 1 DEG10020053;
6 UPI0001C11C84 1 DEG10020016; | 85 UPI00000543CB | 1 DEG10020107;
7 UP100003B1501 1 DEG10020067; | 86 UPI00001356AB | 1 DEG10020207;
8 UP100003B169C 1 DEG10020135; | 87 UPI0004483B3E | 1 DEG10020252;
9 UPI00027E5DE3 2 ngiggggégg 88 UPIO00005476E | 1 DEG10020069;
10 | UPIO0003B14FC 2 ngiggggégz 89 UPIO001AE9B80 | 1 DEG10020296;
11 UPI00003B15DE 1 DEG10020115; | 90 UPI00000D7844 1 DEG10020296;
12 UP10001C120BC 2 ngiggggézz 91 UP10000054778 1 DEG10020068;
13 | UPIOOO0OCAAO8 | 1 DEG10020219; | 92 UPI0002550C16 | 1 DEG10020059;
14 UPI00003B18AA 1 DEG10020129; | 93 UP1000195C503 1 DEG10020245;
15 UP100003B1989 1 DEG10020290; | 94 UPI100003B142E 1 DEG10020026;
16 | UP100019CD777 1 DEG10020290; | 95 UPI000006032D | 1 DEG10020059;
17 | UPIO0O000CADEA | 1 DEG10020218; | 96 UPI00000374E9 1 DEG10020195;
18 | UPI00003B14DA | 2 ngiggggggg 97 UPI00003B14CB | 1 DEG10020058;
19 UPI10001C120B6 2 ngiggggggg 98 UPI0001C120F6 1 DEG10020241;
20 | UPI00003B170A 1 DEG10020170; | 99 UPI00000D7773 | 1 DEG10020239;
21 UPIO0004B5BAA | 1 DEG10020104; | 100 | UPI0001C12081 1 DEG10020241;
22 UP10000054B5C 1 DEG10020092; | 101 | UPIO004467E3F 1 DEG10020151;
23 | UPI000005480D 1 DEG10020282; | 102 | UPI00003B13CC | 1 DEG10020017;
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S0 | Ma sé UniprotkB/ Sfotein , s6 | Maso Sréotein ,
thir _ ) Mi s6 DEG tha | UniprotkB/ pro Mi s6 DEG
DEG10020025:
24 | UPI00003B1429 | 1 DEG10020026; | 103 | UPIO0003B141B | 2 DEGL0020076.
25 | UPI0000054B55 | 2 ngiggggiig; 104 | UPIO0003BIALL | 1 DEG10020017:
26 | UPI00003B184D | 1 DEG10020227; | 105 | UPI000013918D | 1 DEG10020030:
27 | UPI00003B18DE | 1 DEG10020290; | 106 | UPIOO00ODAO4D | 1 DEG10020249:
28 | UPI00000522AA | 1 DEG10020283; | 107 | UPIOO000601EC | 1 DEG10020241;
29 | UPIO000ODCBDB | 1 DEG10020290; | 108 | UPIO00012FCEO | 1 DEG10020221;
30 | UPI00000D4753 | 1 DEG10020116; | 109 | UPIO0003B187B | 2 gggigggggig;
31 | UPIOD0012F9AC | 1 DEG10020229; | 110 | UPIO0000D76A9 | 1 DEG10020271;
32 | UPI0000696C65 | 1 DEG10020290; | 111 | UPIO000054BF8 | 1 DEG10020246;
33 | UPI00025509B6 | 1 DEG10020109; | 112 | UPIO0003B18C5 | 1 DEG10020281;
34 | UPIO00LF632B7 | 1 DEG10020007; | 113 | UPIO001F63712 | 1 DEG10020139;
35 | UPIO0003BI2E0 | 1 DEG10020001; | 114 | UPI000004801B | 1 DEG10020264;
36 | UPI00003B1851 | 1 DEG10020229; | 115 | UPI00003B185D | 2 ngiggggggg;
37 | UPI00003B1436 | 1 DEG10020033; | 116 | UPIO00013C17D | 1 DEG10020015;
38 | UPIO00012F989 | 1 DEG10020108; | 117 | UPI0000052289 | 1 DEG10020046;
39 | UPIOD0012E109 | 1 DEG10020028; | 118 | UPI0000054C69 | 1 DEG10020268;
40 | UPIOO0SADADDS | 1 DEG10020258; | 119 | UPI0000054BB3 | 1 DEG10020251;
41 | UPIO0000549F0 | 1 DEG10020148; | 120 | UPIOOO0110EFL | 1 DEG10020301;
42 | UPI00003B1766 | 1 DEG10020203; | 121 | UPIOO000S4ADA | 1 DEG10020273;
43 | UPI00000543F1 | 1 DEG10020106; | 122 | UPIO0001331BF | 1 DEG10020138;
44 | UPI00003B1660 | 1 DEG10020024; | 123 | UPI0000133CC4 | 1 DEG10020127;
45 | UPI00024334A0 | 1 DEG10020012; | 124 | UPI0000054501 | 1 DEG10020027:
46 | UPIO00013B7E6 | 1 DEG10020135; | 125 | UPIOO00054CSE | 1 DEG10020267:
47 | UPI0002B149BD | 1 DEG10020266; | 126 | UPI00000D766C | 1 DEG10020185:
48 | UPI0000054C2C | 1 DEG10020263; | 127 | UPI00000D77A0 | 1 DEG10020280;
49 | UPI00000D7824 | 1 DEG10020143; | 128 | UPIOO01B3ABFF | 1 DEG10020091;
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. S6 . 5 <6 86
So 5 <A TTni . S6 Ma sb .
M3 s6 UniprotKB/ . - .
thir | P p[l‘?te'” Mi sé DEG thir | Uniprotks/ Protein | \13 6 DEG
tr | Uniparc phu hop tr Uni phu hop
: tai DEG - niparc tai DEG
50 | UPI0O0003B1749 1 DEG10020191; | 129 | UPI0000167807 1 DEG10020285;
51 | UPIOO000OD78AB | 1 DEG10020232; | 130 | UPI0002550F93 1 DEG10020208;
52 | UPI00003B1685 1 DEG10020155; | 131 | UPIO00012AF6D | 1 DEG10020081;
53 | UPIO001AE8711 1 DEG10020290; | 132 | UPIOO005FEEDA | 1 DEG10020238;
. DEG10020300;
54 | UP1000243207D 1 DEG10020045; | 133 | UPIO0003B15F4 | 2 DEG10020130-
55 | UPIO005ADF421 1 DEG10020167; | 134 | UPI0000054638 1 DEG10020037;
56 | UPIO001C11E13 1 DEG10020156; | 135 | UPIO000054BFA | 1 DEG10020258;
] DEG10020018;

57 | UP1000005428C 1 DEG10020176; | 136 | UPIO0003B1734 | 2 DEG10020183-
58 | UPI0000126061 1 DEG10020074; | 137 | UPIO0003B173F | 1 DEG10020011;
59 | UPIO000054C2E 1 DEG10020193; | 138 | UPIO0003B18AF | 1 DEG10020285;
60 | UPI000013602F 1 DEG10020075; | 139 | UPIO0003B185E | 1 DEG10020231;
61 | UPI0002550CE7 1 DEG10020006; | 140 | UPIOO01AE9A2F | 1 DEG10020182;

DEG10020025; .
62 | UPIO000060A16 2 DEG10020076. 141 | UPIO0000549D5 | 1 DEG10020285;
63 | UPI0000054B94 1 DEG10020249; | 142 | UPIOO01AE8448 | 1 DEG10020231;
64 | UPIO00OE56B10 1 DEG10020249; | 143 | UPI0000060333 1 DEG10020212;
65 | UPI0001C11DC6 1 DEG10020241; | 144 | UPIO001AE996D | 1 DEG10020285;
66 | UPI00000543F2 1 DEG10020105; | 145 | UPIO000054ADD | 1 DEG10020285;
67 | UPI0002432AA7 1 DEG10020008; | 146 | UPIO001C33AD6 | 1 DEG10020007;

DEG10020250;

DEG10020013;

DEG10020014;

DEG10020286;

DEG10020287; ]
68 | UPIO000060A50 10 DEG10020222: 147 | UPI00003B1663 1 DEG10020152;

DEG10020083;

DEG10020097;

DEG10020057;

DEG10020298;
69 | UPIOO0O00B9ACY 1 DEG10020290; | 148 | UPIO0003B175E | 1 DEG10020202;
70 | UPIO001AE84D3 1 DEG10020169; | 149 | UPIO0000603AC | 1 DEG10020114;
71 | UPIO0003B15EB 1 DEG10020126; | 150 | UPIO0000D773B | 1 DEG10020010;
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SO | Ma sé UniprotkB/ S0 s6 | Maso 6
4 s0 Unipro i , . i i

thit _ P p[l‘?te'” M s6 DEG thee | UniprotkB/ protein | \ 1+ <6 DEG

tr | Uniparc phu hop tr Uni phu hop

; tai DEG - niparc tai DEG

72 | UPI00003B1A12 | 1 DEG10020299; | 151 | UPIO001C11DAA | 1 DEG10020136:

73 | UPI00003B144A | 1 DEG10020044; | 152 | UPI00000543C7 | 1 DEG10020110:

74 | UPI0000054C73 | 1 DEG10020162; | 153 | UPIO00006061E | 1 DEG10020158:

75 | UPIOO00134FAF | 1 DEG10020272; | 154 | UPIOO000CABL9 | 1 DEG10020213:
DEG10020209; ,

76 | UPI00003B1779 | 2 DEG10020102. | 155 | UPIO00005498D | 1 DEG10020002;

77 | UP10000054498 1 DEG10020213; | 156 | UPIOOO00B9SFA | 1 DEG10020244:

78 | UPI000013352D | 1 DEG10020142; | 157 | UPIO00LC11EOE | 1 DEG10020154:

79 | UPI0000054B87 | 1 DEG10020213; | 158 | UPI0001C1203D | 1 DEG10020230;
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Phu luc 2
Cac con duong chuyén hoa dac trung cia MRSA
Puodng chuyén hoa Céc duong chuyén hoa Céc duong chuyén hoa Mi s6
chinh tuong tng ddc trung KEGG
Sinh tong hop Chuyén hoéa lipid Sinh tong hop bile acid thir cap sau00121
Sinh tong hop Sinh tong hop cac chat chuyén  Sinh tong hop monobactam sau00261
hoa thir cap khac
Sinh tong hop Chuyén hoa céc terpenoid va  Thoai hoa geraniol sau00281
polyketide
Sinh tong hop Chuyén héa mino acid Sinh tong hop lysine sau00300
Sinh tong hop Thodi hda cic xenobiotic va Thodi héa benzoate 5au00362
chuyén hoa
Sinh tong hop Sinh tong hop cac chat chuyén  Sinh téng hop novobiocin sau00401
hoa thir cip khac
Sinh tong hop Chuyén héa ctia cac amino Chuyén héa cyanoamino acid sau00460
acid
Sinh tong hop Chuyén héa ctia cac amino Chuyén héa D-Alanine 5au00473
acid
Sinh tong hop Sinh tong hop cac chat chuyén  Sinh téng hop streptomycin sau00521
hoa thir cap khac
Sinh téng hop Sinh téng hop glycan va Sinh téng hop peptidoglycan sau00550
chuyén hoa
Sinh tong hop Thodi hoa cac xenobiotic va Thodi hoa xylene sau00622
chuyén hoa
Sinh tong hop Thodi hoa cac xenobiotic va Thodi hoa chloroalkane and sau00625
chuyén hoa chloroalkene
Sinh tong hop Thodi hoa cic xenobiotic va Thodi hoa naphthalene 5au00626
chuyén hoa
Sinh tong hop Chuyén hoa carbonhydrate Chuyén hoa C5-Branched dibasic ~ sau00660
acid
Sinh tong hop Chuyén hoa ning luong Chuyén hoa Methane sau00680
Sinh tong hop Chuyén hoa céc terpenoid va Sinh tong hop carotenoid sau00906
polyketide
Sinh tong hop chat chyén hoa thir  sau01110
cap
Chuyén hoa vi khuén trong cac sau01120
moi truong da dang
Sinh tong hop cac khang sinh sau01130
Tho4i hoa cac hop chit vong sau01220
thom
Yéu té gay bénh Dé khang thudc Khéng beta-Lactam sau01501
Yéu té gay bénh Dé khang thudc Khéng vancomycin sau01502
Yéu td gay bénh Dé khang thudc Khang cationic antimicrobial sau01503
peptide (CAMP)
Yéu t6 trao d6i thong Truyén tin hiéu Hé thdng hai thanh phan sau02020
tin v&i moi truong
Yéu td trao d6i thong Van chuyén qua mang Hé¢ théng phosphotransferase sau02060
tin v&i moi truong (PTS)
Yéu t6 trao d6i thong Van chuyén qua mang Hé thong tiét cua vi khuén sau03070
tin v&i moi trudng
Chu trinh té bao Cong ddng té bao prokaryote Quorum sensing sau02024
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Phu luc 3
Cac protein lién quan dén cac con duong chuyén hoa dac trung
UniprotKB/ Ma s6 Tén protein; Chirc ning; Ma s6 EC Chu trinh
Uniparc ID KO (néu c6)
UP1000005480D K01428 ureC; urease subunit alpha [EC:3.5.1.5]  Chuyén hoa cua vi khuan trong
moi truong da dang
UP100003B18C5 K01429 ureB; urease subunit beta [EC:3.5.1.5] Chuyén hoéa ctia vi khuan trong
moi truong da dang
UPI100000D77A0 K01430 ureA; urease subunit gamma Chuyén hoa cta vi khudn trong
[EC:3.5.1.5] moi truong da dang
UP10001C1200D K00370 narG, narZ, nxrA,; nitrate Chuyén hoa cta vi khudn trong
reductase/nitrite oxidoreductase, alpha  moi truong da dang, Hé thdng hai
subunit [EC:1.7.5.1 1.7.99.-] thanh phan
UPIO0003B14DA  KO02769 PTS-Fru-ElIB, fruA; PTS system, Chuyén héa ctia vi khuan trong
fructose-specific 11B component moi truong da dang,
[EC:2.7.1.202] Phosphotransferase system (PTS)
UPI0O001C120B6  KO02769 PTS-Fru-ElIB, fruA; PTS system, Chuyén héa ctia vi khuan trong
fructose-specific 11B component moi truong da dang,
[EC:2.7.1.202] Phosphotransferase system (PTS)
UPI0001C1203D  K01921 ddl; D-alanine-D-alanine ligase Chuyén héa D-Alanine, Sinh tong
[EC:6.3.2.4] hop Peptidoglycan, Vancomycin
resistance
UPI1000005480C K00625 E2.3.1.8, pta; phosphate Chuyén hoéa methane , Chuyén hoa
acetyltransferase [EC:2.3.1.8] ctia vi khuan trong méi truong da
dang
UP100003B175E K00925 ackA, acetate kinase [EC:2.7.2.1] Chuyén héa methane, Chuyén héoa
ctia vi khuan trong méi truong da
dang
UPI00000D7773 K01624 FBA, fbaA,; fructose-bisphosphate Chuyén hoa methane, Sinh téng
aldolase, class Il [EC:4.1.2.13] hop céc chét chuyén hoa tha cip,
Chuyén hoa cta vi khudn trong
mdi trudng da dang, Sinh téng hop
khang sinh
UPI0O0003B184D  KO01546 kdpA; K+-transporting ATPase ATPase  Hé thong hai thanh phan
A chain [EC:3.6.3.12]
UPIO0003B12E0  K02313 dnaA; chromosomal replication initiator ~ Heé thong hai thanh phan
protein
UPI000005449B  K07681 vraS; two-component system, NarL He¢ thong hai thanh phan
family, vancomycin resistance sensor
histidine kinase VraS [EC:2.7.13.3]
UP10000054B87 K07683 nreB; two-component system, NarL Heé thdng hai thanh phan
family, sensor histidine kinase NreB
[EC:2.7.13.3]
UP100003B1989 K20118 PTS-GIcl-EIIC, ptsG, gIcA, glcB; PTS  Phosphotransferase system (PTS)
system, glucose-specific 11C component
UPI00019CD777 K20118 PTS-GIcl-EIIC, ptsG, glIcA, glcB; PTS  Phosphotransferase system (PTS)
system, glucose-specific 11C component
UP10000054B5C K08483 PTS-EI.PTSI, ptsl; phosphotransferase ~ Phosphotransferase system (PTS)
system, enzyme |, Ptsl [EC:2.7.3.9]
UPIO0003B18DE  KO02750 PTS-GIv-EIIC, glvC, malP, aglA; PTS  Phosphotransferase system (PTS)
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UniprotKB/ Mi sb Tén protein; Chirc ning; Mi sé EC Chu trinh
Uniparc ID KO (néu cb)
system, alpha-glucoside-specific 11C
component
UPI0O0000DCBDB  KO02791 PTS-MalGlc-EIIC, malX; PTS system,  Phosphotransferase system (PTS)
maltose/glucose-specific 11C component
UP10000696C65 K02804 PTS-Nag-EIIC, nagE; PTS system, N- Phosphotransferase system (PTS)
acetylglucosamine-specific 11C
component
UPIO0000B9AC7  KO02755 PTS-Bgl-ENA, bglF, bglP; PTS system,  Phosphotransferase system (PTS)
beta-glucoside-specific IIA component
[EC:2.7.1.]
UPIOO01AES8711 K02777 PTS-Glc-ElIA, crr; PTS system, sugar- ~ Phosphotransferase system (PTS)
specific 1A component [EC:2.7.1.-]
UPI00003B187B K02798 PTS-MtI-EIIA, mtlA, cmtB; PTS Phosphotransferase system (PTS)
system, mannitol-specific 1A
component [EC:2.7.1.197]
UPIO000054BFA  K03076 secY; preprotein translocase subunit Quorum sensing , Hé thong tiét cua
SecY vi khuan
UPIO0003B14FC ~ K00370 secA; preprotein translocase subunit Quorum sensing, Hé thdng tiét ciia
SecA vi khuan
UPIO001C120BC  K00370 PTS-GIc1-EIIC, ptsG, glcA, glcB; PTS  Quorum sensing, Hé théng tiét cia
system, glucose-specific 11IC component  vi khuén
UPIO00SADADD6  K03076  secY; preprotein translocase subunit Quorum sensing, Hé thdng tiét ciia
SecY vi khuan
UPIO001AB1796  K03621 plsX; glycerol-3-phosphate Sinh téng hop cac chit chuyén hoa
acyltransferase PIsX [EC:2.3.1.15] thir cap
UPIO0000601EC ~ K21064  ycsE, yitU, ywtE; 5-amino-6-(5- Sinh téng hop cac chit chuyén héa
phospho-D-ribitylamino)uracil thir cap
phosphatase [EC:3.1.3.104]
UP100000549F0 K08591 plsY; glycerol-3-phosphate Sinh tong hop cac chat chuyén hoa
acyltransferase PIsY [EC:2.3.1.15] thir cap
UPIO00012AF6D  K01810 GPI, pgi; glucose-6-phosphate Sinh téng hop cac chit chuyén héa
isomerase [EC:5.3.1.9] thir cap, Chuyén hoa ciia vi khuan
trong mdi truong da dang, Sinh
tong hop khang sinh
UPIO0003B173F  K01845 hemL; glutamate-1-semialdehyde 2,1-  Sinh téng hop cac chat chuyén hoa
aminomutase [EC:5.4.3.8] thir cap, Chuyén hoa cia vi khun
trong moi truong da dang
UPI00003B1663  K01696 trpB; tryptophan synthase beta chain Sinh téng hop cac chit chuyén hoa
[EC:4.2.1.2 thir cdp, Sinh tong hop khang sinh
UPIO001AE9B80  K01809 manA, MPI; mannose-6-phosphate Sinh téng hop cac chit chuyén hoa
isomerase [EC:5.3.1.8] thir cdp, Sinh tong hop khang sinh
UPIO0000D7844  K01809 manA, MPI; mannose-6-phosphate Sinh tong hop cac chat chuyén héa
isomerase [EC:5.3.1.8] thir cap, Sinh tong hop khang sinh
UPIO0003B1660  K01658 trpG; anthranilate synthase component  Sinh tong hop cac chat chuyén hoa
Il [EC:4.1.3.27] thir cdp, Sinh tong hop khang sinh,
Quorum sensing
UPI00003B1436  K04042 glmU; bifunctional UDP-N- Sinh tong hop khang sinh

acetylglucosamine pyrophosphorylase /
Glucosamine-1-phosphate N-
acetyltransferase [EC:2.7.7.23
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UniprotKB/ Mi sb Tén protein; Chirc ning; Mi sé EC Chu trinh

Uniparc ID KO (néu cb)
2.3.1.157]

UP100000DCBDB  K05362 murE; UDP-N-acetylmuramoyl-L- Sinh tong hop Peptidoglycan
alanyl-D-glutamate-L-lysine ligase
[EC:6.3.2.7]

UPI000012F989 K01925 murD; UDP-N-acetylmuramoylalanine- ~ Sinh tong hop Peptidoglycan
-D-glutamate ligase [EC:6.3.2.9]

UP10000167807 K11694 femA,; peptidoglycan pentaglycine Sinh tong hop Peptidoglycan
glycine transferase (the second and
third glycine) [EC:2.3.2.17]

UPI0002550F93 K01924 murC; UDP-N-acetylmuramate--alanine ~ Sinh tong hop Peptidoglycan
ligase [EC:6.3.2.8]

UPIOO003B18AF  K11693 femX, fmhB; peptidoglycan Sinh tong hop Peptidoglycan
pentaglycine glycine transferase (the
first glycine) [EC:2.3.2.16]

UPI00003B185E K00790 murA; UDP-N-acetylglucosamine 1- Sinh tong hop Peptidoglycan
carboxyvinyltransferase [EC:2.5.1.7]

UP100000549D5 K11695 femB; peptidoglycan pentaglycine Sinh tong hop Peptidoglycan
glycine transferase (the fourth and fifth
glycine) [EC:2.3.2.18]

UPIO001AE8448 K00790 murA; UDP-N-acetylglucosamine 1- Sinh tong hop Peptidoglycan
carboxyvinyltransferase [EC:2.5.1.7]

UPIO0003B14CB  K06153 bacA; undecaprenyl-diphosphatase Sinh tong hop Peptidoglycan
[EC:3.6.1.27]

UPI00003B1851 K01929 murF; UDP-N-acetylmuramoyl- Sinh tong hop Peptidoglycan,
tripeptide--D-alanyl-D-alanine ligase Vancomycin resistance
[EC:6.3.2.10]

UPIO001C11EOQE K02563 murG; UDP-N-acetylglucosamine--N- Sinh tong hop Peptidoglycan,
acetylmuramyl-(pentapeptide) Vancomycin resistance
pyrophosphoryl-undecaprenol N-
acetylglucosamine transferase
[EC:2.4.1.227]

UPI100000543CB K01000 mraY; phospho-N-acetylmuramoyl- Sinh téng hop Peptidoglycan,

pentapeptide-transferase [EC:2.7.8.13]

Vancomycin resistance




